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obstetrically preventable.2 In some term infants who later develop cerebral palsy, however, there are pre-existing genetic or developmental factors which could have resulted in damage to the developing brain in the antenatal period, or which may have altered the vulnerability of the fetus to the normal stress of labour.3 4 The challenge is to identify those infants who show the effects of an acute intrapartum hypoxic-ischaemic injury as opposed to an earlier antenatal insult. Neuropathological study of infants who die may help to distinguish the two groups by identifying the age and characteristics of the lesions in the brain. In term infants acute asphyxia typically produces damage in the hippocampus, thalamus, brain stem, and anterior horn cells of the spinal cord.5-9 Earlier antenatal ischaemic injury affecting the less mature brain tends to produce more severe damage in the white matter of the cerebral hemispheres with relative sparing of the cerebral cortex.'0 11 In life, this distinction may not be made so clearly. Neuroimaging, such as ultrasound, may not detect mild diffuse lesions of antenatal origin and may also be unreliable soon after an acute hypoxic injury.'2 Newer techniques such as magnetic resonance imaging'3 14 and computed tomography,'5-17 though more discriminating, have not been available for routine use until recently.
We therefore have to turn to clinical observations to distinguish when brain injury might have occurred. For many years it has been assumed that intrapartum clinical signs of fetal distress such as changes on a cardiotocograph or meconium staining of amniotic fluid indicate acute hypoxic stress. It has become clear, however, that these signs may also reflect earlier antenatal ischaemic damage and this non-specificity limits their usefulness as markers of recent hypoxic events. '8 It has been suggested that signs of neonatal neurological abnormality in the first hours after birth are the most reliable indicator of a recent period of hypoxia.'920 This view has been adopted to the extent that the term 'hypoxicischaemic encephalopathy' has been used to describe infants with abnormal neonatal neurological signs. Over the last few years a consensus has evolved that, to attribute cerebral palsy to intrapartum hypoxia, the infant must be both depressed at birth and have signs of neonatal neurological abnormality.2' It is likely that not all infants with neurological signs have had intrapartum hypoxia and a more general term such as neonatal encephalopathy is preferable.22 In this study we have used the term neonatal encephalopathy to describe infants who have neonatal neurological dysfunction and depression at birth. We assume that this group of infants includes those most likely to have had a recent hypoxic episode.
If this is so, children with cerebral palsy without neonatal encephalopathy might be expected to differ in a number of ways from those with encephalopathy. For example, those without neonatal encephalopathy would have: (a) a higher frequency of adverse maternal and antenatal factors (as they are more likely to have cerebral palsy of antenatal origin); (b) a lower frequency of acute events in labour such as haemorrhage and less severe signs of fetal distress (as measured by the frequency and duration of abnormalities on a cardiotocograph); and (c) a different pattern and distribution of motor and associated sensory and intellectual deficits. Those without neonatal encephalopathy (cerebral palsy assumed to be of antenatal origin) are more likely to have signs reflecting white matter damage, which predominantly affects motor tracts. Those with neonatal encephalopathy (cerebral palsy assumed to be of acute intrapartum origin) would be more likely to have evidence of extensive deep grey matter damage in addition to the white matter being affected, manifest as severe motor deficits with associated intellectual and sensory impairment.
We tested these hypotheses by comparing the antenatal histories, intrapartum events, the duration of stress in the fetus, and the clinical status of the surviving children between two groups derived from a total birth population. These two groups are: (1) children with cerebral palsy born of a singleton pregnancy after 37 completed weeks' gestation without congenital anomaly and who did not The children with cerebral palsy were divided into those with signs of neonatal encephalopathy and those without. This was based on information recorded in the neonatal case notes. We defined neonatal encephalopathy as depression at birth, based on a one minute Apgar score of less than or equal to six, followed by evidence of neonatal neurological abnormality such as lethargy, coma, impaired respiration, seizures, and/or tone changes. Infants with transient jitteriness were excluded. We did not attempt to grade or allocate a level of encephalopathy. Not all infants with seizures were allocated to the neonatal encephalopathy group. Infants who had seizures but who appeared neurologically normal between seizures (that is not lethargic or hypotonic) and who were not depressed at birth were not included in the neonatal encephalopathy group.
The Oxford regional register uses a standard system for describing children with central motor deficit.23 On the basis of this, the clinical characteristics of the children in the study were described in terms of the distribution of tone changes, as walking or non-walking, and with or without intellectual deficit, vision loss, seizures, involuntary movement, or bulbar signs such as difficulty in swallowing.
INFORMATION ON ANTENATAL AND INTRAPARTUM EVENTS
The obstetric notes of mothers included in the study were obtained. All information about the outcome of the infant was masked by a researcher who did not participate in the review of the notes. Information was abstracted about the antenatal period and events during labour, delivery, and immediately after birth. Information was collected about the antenatal and intrapartum characteristics blind to the condition of the neonate and later development.
Gestation was estimated from accurate menstrual data or by ultrasound assessment before 20 weeks' gestation. If there was a discrepancy of greater than 14 days between the two, the ultrasound estimate was used.
FETAL HEART RATE MONITORING At the time of birth of the subjects, continuous electronic fetal heart rate monitoring was widely used in all 10 obstetric units in the region. Some of the mothers in the study who did not have continuous electronic fetal heart rate monitoring had an admission cardiotocograTh with intermittent monitoring during labour; the remainder had intermittent auscultation. It was accepted practice that if there were signs of fetal heart rate abnormality on intermittent auscultation, continuous electronic fetal heart rate monitoring was started.
The original traces were reviewed for the study and the presence and duration of ominous changes were noted. The terminology used to describe and classify the cardiotocograph was that used in the Dublin trial of continuous fetal heart rate monitoring.24 postnatal cause for their disability and 123 (36%) were born before 37 completed weeks' gestation. Of the remainder, 42 (22%) had evidence of major congenital anomaly and two were term multiple births. The remaining 145 children were eligible for inclusion in the study. There was insufficient information in the case notes of four, three of these being born outside the region, and these were excluded.
Of the 141 children with cerebral palsy in the study, 100 (7 1%) had no sign of neonatal encephalopathy and 41 (29%) had evidence of neonatal encephalopathy.
MATERNAL AND ANTENATAL CHARACTERISTICS
Existing maternal disease occurred more often in the group without neonatal encephalopathy and previous preterm labour more often in the neonatal encephalopathy group; numbers were small, however, and confidence intervals wide (table 1). The only maternal factor which differed at the 5% level between the two groups was primigravidity, which was more frequent in the neonatal encephalopathy group (odds ratio (OR) 2-0; 95% confidence interval (CI) 10 to 43).
Overall, half of the mothers of infants without neonatal encephalopathy (51/100) and mothers of infants with neonatal encephalopathy (20/41) had one or more complicating antenatal factors ( 19 (19%) ofthose without neonatal encephalopathy and nine (22%) with neonatal encephalopathy had a head circumference less than or equal to the 10th centile (OR 1-2; 95% CI 0 5 to 2 9). The proportion of infants whose birth weight or head circumference was less than or equal to the 10th centile did not differ between the two groups.
Among the infants without neonatal encephalopathy were 13 who had neonatal seizures but no other signs of encephalopathy. Two had ominous cardiotocograph changes but all had an Apgar score at five minutes between eight and 10. Two of these infants were delivered by elective caesarean section.
TYPES OF CEREBRAL PALSY
At 5 years of age children with neonatal encephalopathy were more likely than those without neonatal encephalopathy to have quadriplegia (OR 4-8; 95°/O CI 2.2 to 10-5) and were less likely to have hemiplegia (OR 0 3; 95% CI 041 to 0 8) (table 5). The motor disability seemed more severe in the neonatal encephalopathy group with a higher proportion of children unable to walk independently at 5 years (OR 4-0; 95% CI 1.8 to 8-8). There was an increased frequency among those with neonatal encephalopathy of associated impairments; severe visual impairment (OR 3 0; 95% CI 1-0 to 8&6), severe intellectual delay (OR 2-5; 95% CI 1 1 to 5.7), and swallowing difficulty (OR 341; 95% CI 1V4 to 6-9).
Although the frequency of involuntary movement was increased in the neonatal encephalopathy group this was not statistically significant at the 5% level (OR 1 8; 95% CI 0-8 to 4.3).
Discussion
In recent years there has been a considerable change in our understanding of the origin of cerebral palsy. The earlier view that most cerebral palsy was attributable to intrapartum hypoxia, much of which was obstetrically preventable, has been supplanted by a counterview that 'birth asphyxia is a rare cause of cerebral palsy'. 25 Although it is likely that in some infants who develop cerebral palsy, injury has been acquired around the time of birth, in others the insult occurs antenatally and in many the brain abnormality may have evolved over a long period of time. These concepts of the origins of fetal and neonatal brain injury are based on neuropathological,5-11 26 This group (neonatal encephalopathy), however, includes those cases of cerebral palsy which are most likely to be obstetrically preventable. For example, it could be argued that reduction in the duration of fetal distress by expediting delivery might have altered the outcome. The greater frequency of fetal distress among those with neonatal encephalopathy, however, could equally reflect longstanding neurological dysfunction which is not, at present, obstetrically preventable.
The challenge is to find reliable ways of identifying the infant who is neurologically abnormal before or during labour. Several potential methods are being examined; for example, the use of near infrared spectroscopy in labour and antenatal biophysical assessment.3842 Using the latter, abnormal in utero behavioural states can be shown in some infants who later show abnormal neonatal neurological function. Neonatal evidence of damage to other organs may help to identify a recent acute hypoxic event. Ischaemic damage to the kidneys or myocardium in an infant with neonatal encephalopathy who subsequently has cerebral palsy provides supporting evidence of an intrapartum origin to the later neurological deficit. [43] [44] [45] It has been previously suggested that clinical subgroups of cerebral palsy may have different aetiologies.46 Our hypothesis that children with cerebral palsy who have a history of neonatal encephalopathy have more extensive motor impairment and associated sensory and intellectual disability was sustained. Further exploration of the relation between the neuropathology of the injury, the later clinical manifestations, and the appearance of the brain on neuroimaging may be useful in understanding the time of injury and hence in identifying those insults which are most likely to be preventable.
In conclusion, we consider that children with cerebral palsy and a history of neonatal encephalopathy (depression at birth followed by neonatal neurological dysfunction) are more likely than those without neonatal encephalopathy to have: (a) evidence of prolonged fetal distress as measured by the duration of cardiotocograph changes; (b) evidence of other organ damage; and (c) a severe and extensive form of motor deficit with intellectual and sensory involvement.
We suggest that this cluster of clinical signs indicates that the aetiology is likely to be an acute intrapartum insult, preventable or nonpreventable. It follows that in the absence of this cluster of signs, intrapartum asphyxia is
